Abstract. As Galileo passed through the wake of Io it encountered a number of magnetic depressions that have been interpreted to be the result of the mirror-mode instability. Herein we examine the magnetic signatures of these structures and simultaneous measurements of the electron density and temperature. These structures have phase fronts that propagate at large angles to the magnetic field and scale sizes of several ion gyroradii. The inferred density enhancements that accompany the magnetic field depressions range up to 200% of the background density. The spread in normal directions suggests that the depressions are cylindrical and not sheet-like. A companion paper [Huddleston et al., this issue] discusses the theoretical aspects of these waves.
. This mode grows under conditions of Pñ/P,>I, similar to the conditions leading to the ion cyclotron instability. Recent studies of the mirror-mode instability include treatments by Southwood and Kivelson [ 1993] , , and Pantellini [1998] .
Theoretical investigations often return the result that the ion cyclotron waves will grow faster than the mirror mode under the same conditions, yet the mode is often observed with no accompanying ion cyclotron waves. The reason for this paradox appears to be that the ion cyclotron instability depends on a resonance between the waves and the ions present, while the mirror mode is nonresonant and results from the integrated effect over all species present [Brinca and Tsurutani, 1989 ; Huddleston et al., this issue]. Various conditions can reduce the growth rate of the ion cyclotron waves such as gradients in the magnetic field or the presence of multiple ion species that will not affect the growth of the mirror mode. Although the mirror mode has now been found in a number of plasma environments, it is still a relatively poorly understood phenomenon. The Galileo observations allow us to add to the observational understanding of this phenomenon and how its occurrence is understood theoretically. In this paper we examine the magnetometer data from the Galileo fluxgate magnetometer [Kivelson et al., 1992] , the Galileo plasma analyzer [Frank et al., 1992] 
Magnetic Field Observations
On December 7, 1995, the Galileo spacecraft crossed the Io wake less than 1000 km from the surface of Io. It is also likely that the structures are not planar but are cylindrical. If so, then the minimum variance direction will also be determined in part by the impact parameter, i.e., how close the trajectory comes to the center of the field-aligned cylindrical depression. We recall that these depressions should have a finite length along the field as well as a finite dimension across it. Table 1 lists the eigenvalues, minimum variance direction, the ambient magnetic field in which the depression appears, and the angle between the minimum variance direction and the ambient magnetic field direction. This latter angle varies from 30 ø to 89 ø . 
Hot Electron Observations
The Galileo plasma observations [Frank et al., 1992] Figure 7 shows the electron measurements together with the magnetic field strength. Figure 7b shows the temperature of the core electrons. These temperatures are below the energy range of the plasma analyzer (10 eV to 53 keV) but can be inferred from this range by fitting. There is no clear-cut correlation with the core electrons temperature, nor would we expect one. First, if the structures are mirror-mode structures with ion gyroradius scale sizes, then the agent responsible for the field depression is the ion pickup process. Here that process produces ions with temperatures of about 1-2 x 106 K. These few eV electrons thus make no discernable contribution to the plasma pressure. Second, the electron behavior in mirror-mode waves is complicated. Some electrons are trapped and cool, some get trapped and heated, and many electrons pass fight through the structure [e.g., Pantellini, 1998 ]. effect of these beams is seen in the magnetic field. We note that the missing energy in the narrow field depressions is about 200-500 nPa. The electron pressure is about 3 orders of magnitude less than this. We conclude that the electrons play at most a passive role in these structures.
Electron Density Inferred From Plasma Wave
Observations both instruments are measuring the plasma within their sampling limitations, albeit with a slight calibration difference, assuming, as we expect, that the plasma predominantly consists of singly ionized ions. We will use the electron density in our discussions below because of its more rapid sampling, together with the ion temperatures that varies more slowly than the density. The electron density in Table 2 monotonically rises and falls with one exception. At 1744:40.6 the density increases from an earlier 10,000 cm -3 to 15,000 cm -3 and then decreases to 12,500 cm -3. This is the only sample of the density that falls in a field depression. That it increases when the field decreases is consistent with our interpretations of these structures as due to the mirror-mode instability.
Density Perturbations Associated With the Field Depression
We can use the size of the field depressions to calculate the density enhancements expected under the assumption that a density enhancement creates a pressure-balanced structure and that the ion temperature remains roughly constant in the depression. In fact, we expect some ion cooling inside the structure . Because of the large difference in temperatures (almost 2 orders of magnitude in the wake), the electron pressure plays no role in this balance. Table 3 lists the 12 events; their times and the change in magnetic pressure from the ambient field to the center of the structure; the measured ion temperature closest to the time of the structure; the measured ambient electron density nearest the structure; the ion density needed to replace the missing magnetic pressure; and the fractional increase in density that this represents. The changes in density range from 20% to 200%.
The event at 1744:39 UT for which we have a density sample at 1744:40.6 UT is the event with the second largest expected density enhancement. The observed enhancement is about 50%, slightly less than the 70% predicted. This difference is not much greater than the uncertainty of the technique used to determine the electron density and seems to be well within the total expected error in this calculation.
The presence of oscillations at the plasma frequency allows the plasma wave instrument to determine the instantaneous electron plasma density approximated every 18 s. These data have been presented by Gurnett et al. [ 1996] , but it is difficult to intercompare these densities and the magnetic profile because the instrument sweeps through the frequency range in multiple interwoven patterns [Gurnett et al., 1992] . We have examined these data at their most primitive sampling and determined the precise timing of the samples that detected oscillations that appeared to be at the plasma frequency. These times are indicated along the bottom of Figure 1 .
Because of the interwoven nature of the scanning the samples are not necessarily equispaced when the density is changing with time. Table 2 Figure 7b shows the core electron temperature deduced from fits to the distribution function. Figure 7c shows the contribution of the electrons to the pressure in the plasma integrated over the energy range of the instrument, 10 eV to 53 keV. 
